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ABSTRACT 



An all fiber-optic in-line photopolarimeter is disclosed. This 
photopolarimeter replaces the conventional 1x2 coupler, 
bulk beamsplitter and accompanying optics with a single 
1x5 star coupler. This system can measure state of polar- 
ization of li^t in a fiber in situ. 

7 Claims, 2 Drawing Sheets 
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IN-LINE FIBER-OPTIC POLARIMETER 
USING A FUSED 1X5 STAR COUPLER 

The development of this invention was partially funded 
by the Government under grant NOOO 14-94-2-0011 from 5 
the Office of Naval Research. The Government may have 
certain rights in this invention. 

This invention pertains to a new apparatus for measuring 
the sta te of light polarization in an op tical fiber. 

The development toward longer transmission distances lO 
and higher information transfer rates for fiber optic com- 
munication and sensor technologies increases the impor- 
tance of measuring the polarization state of a fiber. The 
polarization transfer ctiaracteristics of an optical fiber device 
are important in the design of coherent lightwave commn- 15 
nications systems. The transfer properties of fiber optic 
devices, e.g., isolators, couplers, and optical amplifiers, 
depend on the polarization slate in the fiber. To completely 
characterize these devices, the relationship of the input and 
output states of polarization (SOP) of the fiber-optic system 20 
must be known. 

The conventional method for measuring the SOP of a 
light beam to align a wa^fiipla te and a li near polarizer in 
the optical path of the beam. The wavepiate~ls rotatable 
about the optical axis and typically is a q uartcr-wave^late . 25 
An optical sensor, a photodetector, is positioned to measure 
the intensity of light transmitted by the waveplate and 
polarizer. In operation, the waveplate is sequentially rotated 
to a minimum of four angular positions about the optical axis 
relative to the linear polarizer, and the transmitted light 30 
intensity is measured at each position by the photodetector. 
A disadvantage of this method is the mechanical movement 
of the waveplate and the resulting slow speed of measure- 
ment. Additionally, since every optical element has to align 
in free space, minaturization of such a device is not possible. 35 

Because conventional photopolarimetcrs are not compat- 
ible with fiber-optic technology, in-line fiber-optic photopo- 
larimeters (IFOPs) have been developed. See R. M. A. 
Azzam, "In-line Light-saving Photopolarimeter and its 
Fiber-optic Analog," Opt. Lett, vol 12, pp. 558-560, 1987. 40 
IFOPs allowed measurement of all four Stokes parameters 
of the guided light, and hence could detect polarization 
changes in situ. 

The first IFOPs proposed were fiber-optic analogs of the 
four-detector photopolarimeter. See Azzam et al., "General 45 
Analysis and Optimization of the Four-detector 
Photopolarimeter," Opt. Soc. Amcr. A, vol. 5, pp. 681-689 
(1988). See also U.S. Pat. No. 4,681,450. The basic principle 
of this early design was that each of four solid state detectors 
absorbed only a small portion of optical radiation, while 50 
reflecting the rest of the light to the next detector. The in-line 
SOP was measured by four successive detectors placed 
along the fiber side. Each detector developed an electrical 
signal proportional to the polarization -dependent fraction of 
light that it absorbed from the fiber guide. The four outputs 55 
were used to determine the f our Stokes parameters of light 
in the fiber via an instrument matrix determinediDy calibra- 
tion. 

Similar photopolarimeters have also been made with a 
side-polished fiber and side-bonding detectors. Sec SchoU et 60 
al., "Fiber Optic In-line Polarimeter — System Design and 
Computer Aided Analysis," SPIE Proceedings, vol. 2265, 
pp. 48-53 (1994). Four detection points were formed by 
grinding off the cladding from one side of the fiber. A small 
part of the light was coupled out at these points, and was 65 
measured by a standard photodetector placed just on top of 
the polished area. At each of the detection points, a polar- 
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ization dependent signal was obtained. Hence, a relationship 
between these signals and the polarization at the end of the 
fiber was found by calibrating the instrument with a classical 
off-line polarization analyzer. 

There are several drawbacks to the above approaches: 
precision side-polishing of a fiber is a difficult process; and 
the evanescent coupling efficiency is generally low which 
results in low reproducibility. 

A recently developed IFOPused an 1x2 fused optic-fiber 
coupler to divert some incident optical power into a con- 
ventional division-of-aperture photopolarimeter, while the 
rest of the optical power remains in-line. See Scholl et al,, 
"In-line fiber optic polarimeter with a 99% coupler," Opt. 
Engin., vol. 34, pp. 1669-1671 (1995). At the low power 
output port, a standard beam-splitter was used to split the 
light into four beams. The SOP was determined from these 
four beams by using a standard arrangement of detectors, 
linear polarizers, and a quarter-wave relarder. 

A major obstacle to constmcting an all-fiber polarimeter 
has been that the SOP of a light beam changes uniquely for 
each fiber. See S.-Y. Huang ct al., "Perturbation Effects on 
Mode Propagation in Highly Elliptical Core Two-Mode 
Fibers," J. Lightwave Technology, vol. 8, pp. 23-33 (1990); 
R. Ulrich et al., "Bending-Induced Birefringence in Single- 
Mode Fibers," Optics Letters, vol. 5, pp. 273-275 (1980); 
and R. Ulrich et al., "Polarization Optics of Twisted Single- 
Mode Fibers," implied Optics, vol. 18, pp. 2241-51 (1979). 
Furthermore, the polarization changes due to stresses in the 
fiber leads and the coupler. Therefore, the output SOP is 
generally different from the input SOP. Twisting of the fibers 
in the star coupler and its leads induces a circular birefrin- 
gence. Therefore, the principal optical axes for each light 
beam are not known with respect to the reference coordinate. 

U.S. Pat. No. 5,298,972 discloses an instrument which 
produces a light beam split into four beams by using a 
focusing concave mirror that does not change the orientation 
of the optical axes of the tight beam. 

U.S. Pat. No. 4,681,450 discloses a photopolarimeter that 
measures the SOP by placing four photodetectors in 
succession, each one receiving a reflected light beam from 
the prior photodetector. 

U.S. Pat. No. 4,158,506 discloses a system to measure 
the SOP of laser optical pulses with a six-element optical 
detector assembly. 

I have discovered a novel in-line all fiber-optic photo- 
polarimeter. This invention (1) replaces the prior 1x2 
coupler, the bulk beamsplitter, and the accompanying optics 
with a single 1x5 star coupler; (2) replaces the Unear 
polarizer by using a polarizer fiber; and (3) replaces the 
quarter-wave retarder by using an in-line single-mode fiber 
polarization controller. This system is properly calibrated to 
compensate for unpredictable changes in the orientation of 
the optical axes of a tight beam traversing the fiber optic 
components. This new system can measure the SOP of light 
in a fiber in situ. The advantages of this IFOP over prior ones 
include (1) instantaneous response, limited only by detector 
sensitivity and speed; (2) low alignment requirement with 
uses of fiber-optic connectors, couplers, and detector mod- 
ules; (3) low cost; (4) greater reproducibility; (5) high 
sensitivity with the elimination of diffraction loss; and (6) 
compactness and low weight when combined with available 
fiber-optic components. 

I have demonstrated the new in-line fiber optic photo- 
polarimeter using a 1x5 fused fiber-optic star coupler. The 
new system is capable of measuring all Stokes parameters of 
partially polarized tight with accuracy comparable to that of 
a catibrating off-line polarimeter (1%). All five output beams 
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of the star coupler can be tuned to have nearly identical FC connectors without locking keys were used for an 

states* of polarization, except that they have unknown ori- efficient coupling and stable alignment. These replacements 

entations of optical axes. The photopolarimeter output is made the polarimeter not only easier to transport, but less 

taken from one of the star coupler output beams, whose state expensive to package. 

of polarization is measured from the other four beams. 5 Among the most important considerations in constructing 
Compared to conventional photopolarimeters, the linear and the IFOP were polarization changes due to stresses in the 
circular analyzers are aligned with the respective beam ^^er leads and the coupler. It is well known that stress- 
optical axes as determined from calibration. Such a system related effects on fibers induce changes in SOPs. Therefore, 
is compact, light weight, efficient, robust and inexpensive. output SOPs of a star coupler are generally different from 

RRTFF nPSPRTPTroNr OF THF AWINHS '^"^^^ ^^^^^ output beams in the 1x5 star 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^p^^^ experience similar twists and bends, all output SOPs 

FIG. 1 illustrates schematically an in-line fiber optic can be fine tuned to be nearly identical except for a differ- 

polarimeter using a 1x5 star coupler and the experimental ence in optical axis orientation. The SOP for one of the 

calibrating and testing setup. beams can be determined from that of the other four beams 

HGS. 2(aHc) iHustrate a comparison of measured nor- ^hen the stress effects on the fiber leads are taken into 

malized Stokes parameters and calculated values. account. The bendmg m a fiber mduces a Imear birefrm- 

. * ii *i.v j i 1 gence. The fiber leads were kept as short and as free of stress 

A conventional polanmeter has linear and circular polar- ^ ^, . o,-.t^ ^ v.- .i . i 

. jj,^ J. . *t.**uj*_- 4f as possible to avoid SOP drifting among the star coupler 

ized detectors arranged in such a way that the determmant of / , . - . • \ i j •* i j 

. , 4 * ■ ' • ■ A ^ u^ outputs. Twistmg of fibers in the star coupler and its leads 

the instrument matnx is maximized. Three mam problems on • j j • f l- r • ^ r .i. ■ • i 

t- 11 u v.* • 1 mduced a circular birefrmgence. Therefore, the pnncipal 

exist with usmg a bulk beamsplitter m a conventional , _ , , ^ , , -.u 

I. , 1 . * J • r1^ • -4* * ♦u J- f optical axes for each beam were not known with respect to 

photopolanmeter design: (Ij it IS sensitive to the direction of r j-.^m. jj 

• • 1- /-»\ *u u I V.** laboratory reference coordinates. They were determined and 

incomine light; (2) the beamsplitters are polanzation- . o • .i / j -l j 

J J ^ J • • V nun J 4*ui * compensated tor usmg the calibration process described 

dependcQt; and (3) It ismherenQy bulky and susceptible to ^^^^^^ assembltag the IFOP. 

vibration. The first problem requires precision alignment; ^5 

the second and third problems make the polarimeter difficult Detecting the SOP of light involves the use of polarizers, 
to transport and install. This invention replaced the beam a quarter-wave retarder, and photodetectors. The use of a 
splitter and the 1x2 fiber coupler with a single 1x5 fused star conventional bulk polarizer and retarder creates a need for 
coupler as shown in FIG. 1. The star coupler is compact, coUimating optics from the fiber and detectors for an effi- 
relatively inexpensive, commercially available, and compat- 30 cient collection of light. The bulk polarizers were replaced 
ible with many existing fiber-optic components. Therefore, with polarizer fibers (24, 38, and 40). The polanzer fibers 
the first and third problems mentioned above do not exist performed as well as a traditional linear polarizer, but were 
with the star coupler. However, similar to the bulk more compatible with other fiber-optic components, 
beamsplitters, star couplers are polarization-dependent. A The quarter-wave retarder was replaced with an in-line 
polarimeter can use imperfect polarization elements so long 35 single-mode fiber quarter-wave controller 22. This resulted 
as they are properly calibrated, as discussed further below. in less bending-induced light energy loss. The attenuation of 
FIG. 1 illustrates schematically the IFOP 10 and the light decreased more quickly than the birefringence as the 
calibration equipment. To calibrate the IFOP, a laser light radius increased. It was possible to achieve a coil radius 
source plus a device to transform the polarization of light is above which there was sufficient birefringence with minimal 
needed. The laser light source comprised a laser diode driver 40 attenuation by using multiple loops of fiber in one coil. 
2 and a laser diode 4. The polarization transformer com- Another advantage of the in-line single-mode fiber quarter- 
prised a rotating quarter- wave plate 6 followed by another wave controller was that it was less bulky than the traditional 
rotating half -wave plate 8. The IFOP 10 comprised a 1x5 liquid crystal retarder, and more compatible with other 
star fiber coupler 12, a quarter-wave controller 22, three fiber-optic components. 

polarizers (24, 38 and 40), and four photodetectors (26, 28, 45 The basic principle of using a single-mode fiber to make 
30, and 32). The signals from the four photodetectors are a polarization controller is that the bending of such a fiber 
transmitted to a microprocessor 34. One beam of hght from causes a linear birefringence. This birefringence can be used 
the 1x5 star coupler can be sent to an off-fine photopola- to create a fiber-optic analogue of the rotating fractional 
rimeter 36 for calibrating and for comparing experimental wave plate. When the fiber is bent, the stress in the fiber 
results. 50 produces a linear birefringence with the fast axis in the plane 
To make the system more compact and rugged, all bulk of the loop. The slow axis is normal to the loop. The induced 
optic elements were replaced with fiber-optic components. A birefringence is given as: 
fiber-loop, an in-line single-mode fiber quarter- wave con- 
troller 22, replaced the conventional quarter-wave plate, and ^ „ o.sc,— i^- rad/m 
three polarizer fibers (24, 38, and 40) replaced the three 5S 
linear polarizers. Because of the use of these components, 
small area detectors, e.g., Indium-Gallium-Arsenide where 
("InGaAs") detectors, (26, 28, 30, and 32) in a FC receptacle 

were used in place of large area detectors, e.g., Germanium c,=Q.Sk^J^(pii-pi^ 

("Ge") detectors. Furthermore, because of the use of fiber- 60 

optic in-line polarizers, polarization transformers, and con- r is the radius of the fiber; R is the radius of curvature; k„ is 

ncctorized detectors, the guide light needed not leave the the propagation constant of the light; n„ is the average 

fiber until it reached the detector, which greatly enhanced the refractive index of the fiber; and p^j are the components 

sensitivity of the polarimeter by eliminating the dilfractioo of the strain optical tensor of the fiber material; and v^ is 

loss. The alignment of fiber axes in the polarimeter was of 65 Poisson's ratio. 

paramount importance. Rotatable connectors for polarizer The total phase shift introduced by a single coil of radius 

fibers and the coupler outputs are used for easy alignment. R is then: 
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The radius of the loop and number of the loops determine the 5 
fractionaJ rotation of the wave plate. Rotation of the coil 
about the axis of the device is equivalent to rotating the 
fractional-wave plate. The birefringence due to the twist 
introduced into the fiber by this rotation is negligible, so that 
only the orientation of the coil with respect to the input fiber 
determines the wave plate axis. 

The relative optical axis orientations were determined 
before assembling the optical photopolarimeter. Such orien- 
tations with respect to laboratory coordinates were deter- 
mined by the following calibration processes, which are 
described more fully below: (1) the polarization transformer 
was adjusted until the off-line photopolarimeter indicated a 
linear polarization in the IFOP output; and (2) the optical 
reference axis for each of the other four beams was then 
determined using a rotatable linear polarizer in front of a 
detector. When rotating the polarizer, maximum and mini- 
mum output intensities were observed. Minor adjustments of 
position and twist of the fiber leads were needed to obtain a 
linear polarization output from all outputs. A typical mea- 
sured polarization extinction ratio was about -20 dB. The 
axis with maximum detector current was chosen as the 25 
reference axis for each beam. 

To determine the axis of each polarizer fiber, the polar- 
ization transformer was connected to one end of the polar- 
izer fiber. The other end of the polarizer fiber was connected 
to a large area germanium photodetector. The polarization 30 
transformer was adjusted until a maximum output intensity 
was achieved from the germanium photodetector. Then a 
linear polarizer with a known axis was placed between the 
polarizer fiber and the photodetector. By turning the linear 
polarizer, a maximum output from the photodetector was 35 
reached. At this point, the axes of the linear polarizer and the 
polarizer fiber should be parallel. Hie end of the polarizer 
fiber was marked to indicate an axLs parallel to that of the 
linear polarizer. In a similar manner, the axis of the other end 
of the polarizer fiber was determined. To confirm that the 40 
fiber could be used as a polarizer, the linear polarizer was 
turned 90"*. The photodetector should read a minimum 
output intensity. The typical measured polarization extinc- 
tion ratio was about -20 dB. Both ends of the polarizer fiber 
were polished before use. Three polarizer fibers were used in 45 
the construction of the IFOP, labelled 24, 38, and 40, in FIG. 
1. 

To determine the aUgnment of a single-mode fiber 
quarter-wave device, the polarization transformer was con- 
nected to the input of a single-mode 1x5 star coupler (Kaifa 50 
Technology). One output of the star coupler was connected 
to an off-line polarimeter, an HP 8509A polarization ana- 
lyzer. The fiber was straightened between the coupler and 
the analyzer. Hie polarization transformer was turned until 
a linear SOP output from the analyzer was obtained. A 55 
single-mode fiber was used to make two loops with a 
diameter of 2.3 cm, and the loops were fixed on an adjust- 
able rack. The fiber was then connected to the analyzer 
again. The coil radius determined the fractional rotation of 
a wave plate, while the orientation of the coil with respect 60 
to the input fiber determined the wave plate axis. The coil 
radius and the orientation of the coil were adjusted until a 
circular SOP was obtained from the analyzer. At this time, 
the total effect of the birefringence was induced by the fiber 
loops and the fiber acted as a quarter-wave plate. This 65 
single-mode quarter-wave device 22 was then used to con- 
struct the IFOP. 



The IFOP was constructed as shown in FIG. 1. The 
polarization transformer (6 and 8) was adjusted to obtain a 
linear SOP at the polarization analyzer 36. Then linear SOPs 
were obtained at ports 0, 1, and 2 by adjusting the respective 
fibers. If the SOPs were linear, then almost zero output 
intensities were obtained from the respective photodetectors 
(26, 28 and 36) when the linear polarizer was rotated. The 
axes of the three linear SOPs (Iq, Ii, and y were aligned to 
be parallel to one another. In this case all axes of the three 
linear outputs Iq, Ij, and I^ were horizontal, A linear polar- 
izer was used to confirm whether these three axis directions 
were the same. Then a circular SOP was obtained at I3 by 
adjusting the orientation of the coil and the fiber in the 
single-mode fiber quarter- wave controller 22. When the SOP 
was circular, the output intensity was almost the same while 
the linear polarizer was rotated. 

Then the three fiber polarizers (24, 38, and 40) were 
connected to the star coupler output I^, Ij, and I3 with 45° 
differences respectively of the fiber polarizing axes. To 
connect the output of the star coupler to the polarizer fibers, 
FC connectors without locking keys were used for efScient 
coupling and stable alignment. After confirming that the 
maximum intensity output was coupled firom the polarizer 
fiber, the bulky germanium detector was replaced with an 
InGaAs detector 26 at the first beam 14, a second InOaAs 
detector 28 with a polarizer fiber aligned in parallel with the 
beam reference axis 24 at the second beam 16, a third 
InGaAs detector 30 with a polarizer fiber aligned at -45** to 
the reference beam axis 38 at the third beam 18, and the 
fourth InGaAs detector 32 with a single-mode fiber quarter- 
wave controller 22 and a polarizer fiber at the fourth beam 
20. 

The output signal was too weak to transmit directly to an 
analog-to-digital converter. Four amplifiers were first used 
to increase the output signals. The four amplifiers were then 
interfaced with a microprocessor 34, which received a 
digitized output whose intensity was directly related to the 
Kght intensity. The amplitude of the electrical signals pro- 
duced by the photodetectors was used to determine the 
Stokes parameters of the incoming light beam, as discussed 
further below. 

EXAMPUE 

As shown in FIG. 1, the polarization generator (Oz 
Optics) comprised a 5 mW laser (laser diode driver 2 and 
laser diode 4) at X=1550 nm, and a polarization transformer 
which comprised a rotating quarter-wavcplate 6 followed by 
another rotating haff-waveplate 8. These elements were used 
to calibrate the components of the in-line fiber-optic photo- 
polarimeter 10. One of the star coupler output beams was 
designated as the IFOP output, which was monitored with an 
off-line photopolarimeter 36, e.g., an HP 8509 A polarization 
analyzer. The other four output beams of the 1x5 star coupler 
were used for the instrument matrix A as discussed below. 
The amplitude of the coupler outputs need not be the same. 
It would be desirable to have a larger fraction of fight at the 
output beam to the off-line photopolarimeter 36. 

A suitable mathematical representation for SOP is the 
Stokes vector, because its four components are directly 
related to the measurement vector. See R. M. Azzam, p. 559 
(1987). The Stokes vector can be represented by S^^«[So S^ 
Sj S3/. (t indicates the transpose.) Its relationship with the 
corresponding detector current vector I=[Io I^ I^ I3/ can be 
expressed as 

where A is the 4x4 instrument matrix, and Iq, I^, I^, and L, 
are detector currents at the four coupler output beams. The 
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instrument matrix was determined by calibration against the 
off-line photopolarimeter. A properly designed IFOP will 
have a non-singular instrument matrix. Therefore, the output 
Stokes vector can be determined from the detector current 
vector after the IFOP is properly calibrated by the following 
relation: 

To obtain A through calibration, at least four current vectors 
corresponding to four linearly independent output Stokes 
vectors have to be measured. To obtain an accurate A, the 
system needs to be calibrated over a full range of elliptical 
states, i.e., many more calibrating points should be used than 
the minimum of four. For N sets of sample data points, the 
system matrix A"^ can be calculated using a least square fit 
technique as follows: 



However, the usual figure-of-8 test to guarantee sufi&cient 
variety of Stokes vectors on the IFOP is impractical due to 
the uriknown evolution of the SOP through the input lead 
fiber and the 1x5 star coupler. To calibrate the system over 
a full range of elliptical states, the output Stokes and detector 
CTirrent vectors were recorded at 20° increments of the 
quarter-wave plate, and 15" increments of the half-wave 
plate in the polarization transformer. A typical system matrix 
for the IFOP nsing a 1x5 star coupler was obtained using 
N=81 sets of sample points as follows: 



0.01424 
0.02432 
-0.00771 
-0.00765 



0.00035 
-0.03072 
0.02695 
-0.00065 



0.00121 
-0.02963 
-0.00677 
-0.01237 



-O.O0176 
-0.01651 
-0.00683 
0.03456 



10 



15 



20 



25 



30 



35 



FIG. 2 shows a comparison of measured Stokes parameters 
from the off-line photopolarimeter (solid line) and their 
calculated counterparts using the above system matrix A~^ 
(circles). The values have been normalized to the Sq value. 
FIG. 2(a) shows the comparison for the S^ Stokes parameter; 
FIG. 2(b) the Stokes parameter; and FIG. 2(c) the S3 
Stokes parameter. The sample points were taken at 20° 
increments of the quarter- waveplates. The abrupt changes in 
the Stokes parameters every nine sample points were due to 
a 20° rotation of the half- wave plate. The sum of the 
normalized residual root-mean-square error for the Stoke 
parameters was about 1%. Considering that the HP 8509A 
polarization analyzer has an accuracy of only two significant 
figures, the agreement between the off-line and in-line 
photopolarimeter measurements was striking. The calibra- 
tion processes have been demonstrated to be very reproduc- 
ible. 

With the calculated instrument matrix, the polarization at 
the output of the in-line all-fiber-optic photo-polarimeter can 
be calculated continuously. Hence, this polarimeter can be 
coupled to any setup. 

The polarimeter was calibrated as described at >ial550 
nm using a 5-mw laser diode. Operation at other wave- 
lengths is also possible of course. The instrument matrix A 
should be determined by calibration for each desired wave- 
length. 

In another embodiment the loss of light power during the 
measurement process is decreased by replacing the 1x5 
coupler with a 99:1 (or other high ratio) coupler, together 
with a 1x4 tree coupler. The output intensities I„ are obtained 



45 



50 



55 
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from the four output beams of the 1x4 tree coupler, which 
consumes a much smaller fraction of the light power to 
measure the Stokes parameters. 

The complete disclosures of all references cited in this 
specification are hereby incorporated by reference. In the 
event of an otherwise irreconcilable conflict, however, the 
present specification shall control. Also incorporated by 
reference are the complete disclosures of the following, none 
of which are prior art to the present invention: S. M. Lee et 
al., 'Tn-Line Fiber-Optic Polarimeter Using a Fused 1x5 Star 
Coupler," SPIE Proceedings, vol. 2839, pp. 133-143 (1996); 
S. M. Lee et al., "In-Line Fiber-Opric Polarimeter Using a 
Fused 1x5 Star Coupler,'* Abstract presented SPIE Annual 
Meeting, Denver, Aug. 7, 1996; and Wei-Ping Pan, "Design 
of In-Linc All-Fiber Optic Photopolarimeter," a Thesis sub- 
mitted to Graduate Faculty of University of New Orleans in 
partial fulfillment of the requirement for the degree of 
Master of Science in the Department of Electrical Engineer- 
ing (May 1997). 

I claim: 

1. A photopolarimeter for measuring the state of polar- 
ization of a light beam, comprising: 

(a) a 1x5 fiber optic coupler, capable of splitting a light 
source into at least five beams; 

(b) a first photodetector for measuring the first beam, said 
first photodetector producing a first output signal cor- 
responding to the radiation absorbed by said first pho- 
todetector; 

(c) a second photodetector for measuring the second 
beam, coupled with a polarizer whose axis is parallel to 
the optical axis of the second beam, said second pho- 
todetector producing a second output signal corre- 
sponding to the radiation absorbed by said second 
photodetector; 

(d) a third photodetector for measuring the third beam, 
coupled with a polarizer whose axis is 45° to the optical 
axis of the third beam, said third photodetector pro- 
ducing a third output signal corresponding to the radia- 
tion absorbed by said third photodetector; and 

(e) a fourth photodetector for measuring the fourth beam, 
coupled with a polarizer and a quarter-wave retarder 
aligned with the fourth beam axis, said fourth photo- 
detector producing a fourth output signal correspond- 
ing to the radiation absorbed by the said fourth photo- 
detector; 

the state of polarization may be determined from the four 
output signals and calibration coefficients characteristic 
of the photopolarimeter. 

2. A photopolarimeter as in claim 1, wherein at least one 
of said photodetectors comprises a germanium detector. 

3. A photopolarimeter as in claim 1, wherein at least one 
of said photodetector comprises an ladium-Gallium- 
Arsenide detector. 

4. A photopolarimeter as in claim 1, wherein at least one 
of said polarizers comprises a linear polarizer. 

5. A photopolarimeter as in claim 1, wherein at least one 
of said polarizers comprises a polarizer fiber. 

6. A photopolarimeter as in claim 1, wherein said quarter- 
wave retarder comprises a quarter-wave plate. 

7. A photopolarimeter as in claim 1, wherein said quarter- 
wave retarder comprises an in-line single-mode fiber 
quarter-wave controller. 
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